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(54) A traction control system 

(57) A vehicle brakes traction control system and 
method of operation, for a vehicle having a drive axle 
(11) with a differential (17) operable between wheels 
(12,13) at the two ends of the axle (11), and brakes 
(15,16) for each respective wheel (12.13) operable by 
a brake controller (18). The traction control system in- 
cludes wheel speed sensors (14) sensing the rotational 
speed of said wheels, an engine torque demand sensor 
(21). and an engine torque output monitor (22). The 
brake system controller (18) receives signals from the 
wheel speed sensors (14). the engine torque demand 
sensor (21) and the engine torque output monitor (22) 
to apply the brakes (15,16) to equalise the rotational 
speed of said wheels (12,13) If the engine torque output 
is less than a desired torque output for a given torque 
demand. 
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Description 

Field 

[0001] This Invention relates to traction control sys- 
tems used on motor vehicles and which Is an enhance- 
ment to brakes only traction control systems. 

Background of the Invention 

[0002] Brakes traction control systems (BTCS) are 
typically used when driving off-road. BTCS in its most 
basic form acts as an electronically controlled variable 
slip differential lock for a drive axle on a vehicle in which 
torque is applied to wheels at opposite end of the axle 
via a conventional differential unit. The BTCS monitors 
the rotational speed of the wheels via wheel speed sen- 
sors and each wheel is provided with an independent 
braking actuator. The information from the sensors is fed 
to a t>rake system controller where the information is 
processed and the brakes to the wheels operated with 
the aim of improving traction. 

[0003] If the vehicle Is being driven on a non-homog- 
enous surface and sufficient driving torque is applied it 
is possible for a wheel having a lower surface adhesion 
to loose grip and spin. In this situation, this wheel will 
require a relatively low torque, as compared with the oth- 
er wheel, to cause it to "over spin". If the axle has a con- 
ventional differential, then the differential will permit only 
this same low torque to be transmitted to the non-spin- 
ning wheel. This level of torque may not be sufficient to 
maintain vehicle movement. The BTCS causes the 
brake actuator associated with the spinning wheel to ap- 
ply the associated brake and increase its torque output 
in order to transfer torque across the differential to the 
non-spinning wheel- The non-spinning wheel then gains 
sufficient torque to achieve vehicle movement and its 
speed of rotation increases. The BTCS controls both 
wheels until their rotational speeds equalise. 
[0004] A problem with this type of BTCS is that if the 
vehicle does not accelerate quickly, the brakes when ap- 
plied to the spinning wheel may cause engine stall. 
Some BTCS are programmed to recognise engine stall 
and implement strategies to prevent this happening. 
This may leave the vehicle immobilised with the engine 
held in low revs and unable to supply the necessary 
torque to move the vehicle. Such a situation may be ex- 
perienced with vehicles having small engines when driv- 
en off-road. 

Statements of Invention 

[0005] According to the present invention there is pro- 
vided a vehicle brakes traction control system for a ve- 
hicle having at least one drive axle with a differential op- 
erable between wheels at the two ends of the axle, and 
brakes for each respective wheel operable by a brake 
controller, characterised in that the traction control sys- 



tem includes wheel speed sensors which sense the ro- 
tational speed of said wheels, an engine torque demand 
sensor and an engine torque output monitor, the brake 
system controller receiving signals from said sensors 
5 and said monitor and being operable to apply the brakes 
to equalise the rotational speed of said wheels when the 
engine torque output is less than a desired torque output 
for a given torque demand. 

[0006] The torque demand sensor may be a throttle 
10 opening sensor such as an accelerator pedal position 
sensor and the torque output monitor may include a 
torque output map. 

[0007] The engine speed at which maximum torque 
output is targeted may be altered in relation to the rate 

15 of change of torque demand in particular so that the rate 
of torque build up at the wheels is proportional to the 
rate of change of torque demand. When the control sys- 
tem Is for use in a vehicle having an engine manage- 
ment system (EMS) with an engine map stored therein 

20 which includes information relating to the engine speed 
at which the maximum torque is available for a given 
torque demand e.g. throttle opening, the brake system 
controller operates the vehicle brakes only when excess 
rotational speed is detected for one of said wheels and 

25 when In receipt of a signal from the EMS indicating that 
the engine speed is above that required for maximum 
torque output. Such a system is self tuning for any EMS. 
[0008] Alternatively, the brakes controller has an en- 
gine map stored therein which includes Information re- 

30 lating to the engine speed at which the maximum torque 
is available for given throttie openings, wherein the 
brake system controller operates the vehicle brakes 
when excess rotational speed is detected for one of said 
wheels and when the engine speed is above that re- 

35 quired for maximum torque output. 

[0009] The engine torque output may be measured as 
a function of rotational speed of the engine. 
[0010] Also according to the present Invention there 
is provided a method of operation of a vehicle brakes 

40 traction control system for a vehicle having at least one 
drive axle with a differential operable between wheels 
at the two ends of the axle, wherein the system is oper- 
able to apply the vehicle brakes to equalise the rotation- 
al speed of said wheels only when the engine torque 

45 output is less than a desired torque output for a given 
engine torque demand. 

Description of the Drawings 

50 [0011] The invention will be described by way of ex- 
ample only and with reference to the accompanying 
drawings in which: 

Fig. 1 is a schematic diagram of a traction control 
55 system according to the present invention. 

Fig. 2 is a graph showing a possible engine torque 
characteristic under braking at given throttie open- 
ings, and 
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Fig. 3 is a logic system for the controller used in the 
system shown In Ftg.1. 

Detailed Description of the Invention 

[0012] With reference to Fig. 1 there is shown a vehi- 
cle drive axle 11 of a vehicle having a brake traction con- 
trol system according to the present invention. The axle 
11 has a wheel 12. 13 located at each end of the axle 
1 1 . The wheels 1 2 & 1 3 are driven via a differential gear- 
ing unit 17. The rotational speed of each wheel is mon- 
itored by a wheel speed sensor 14. 
[0013] The vehicle has a braking system including a 
brake 1 5,1 6 associated with each wheel 1 2 & 1 3 respec- 
tively. The brakes 1 5 & 1 6 are operated through a brake 
system controller 18 which is connected to the vehicle 
engine management system (EMS) 1 9. The EMS is con- 
nected to a large number of sensors on the vehicle 
which monitor the condition of respective engine param- 
eters. 

[001 4] The sensors include an engine torque demand 
sensor 21 which may sense for example the accelerator 
pedal position, or the position of the butterfly valve in 
the fuel intake, and an engine torque output sensor 22 
which may read directly from the rotational speed of the 
engine flywheel, or some other suitable type of engine 
speed monitor, or may be deduced firom an engine map. 
[0015] The EMS 19 may be pre-programmed with an 
engine map which includes the information relating the 
engine rpm to the maximum torque available at given 
throttle demands. For the present purposes, the EMS 
19 creates an engine speed message designated 
MD_Max which is an indication of the engine speed re- 
quired to achieve maximum torque output in relation to 
the driver's torque demand i.e. accelerator pedal posi- 
tion. The EMS 19 also creates an engine speed mes- 
sage N_MOT and is operational so that a message 
passes to the brakes controller 19 to apply the brakes 
only when N_MOT>MD_MAX. 

[0016] Provided that the messages MD_MAX and 
N_MOT are available the traction algorithm is self tuning 
for any EMS. 

[0017] In order for a better understanding of the in- 
vention, reference is now made to Fig! 2 which illustrates 
possible torque curves for an engine under braking con- 
ditions. The different curves represent different throttle 
openings. For a given throttle opening, if an engine is 
braked its rpm (rotational speed) will reduce and its fly- 
wheel torque characteristic may change in a non-linear 
fashion. The precise characteristics will depend upon 
engine type and design, for example petrol or diesel 
type, whether boosted or normally aspirated, and en- 
gine fuel control strategy etc.. The torque characteristics 
are used in the operation of the traction control system 
disclosed herein. 

[0018] The operation of the system will now be de- 
scribed with reference also to Fig. 3 which is a flow di- 
agram for the operation of the brakes system controller 



18. 

[0019] Initially at step 31 the controller monitors the 
wheel speeds through sensors 14 and if the controller 
detects an over-spinning wheel then a signal B passes 

5 to step 32. 

[0020] In step 32, when there is a spinning wheel , that 
is a low p. wheel ( ji being the coefficient of friction) and 
a high p. wheel, and the controller 18 is receiving a CAN 
message from the EMS 19 then the signal B passes to 

10 step 33. If no CAN message is detected i.e. 
N_MOT<MD_MAX then the signal B' is passed to step 
34 and since there is no need for any brake intervention 
the controller 18 does not react. Hence if the engine is 
already delivering maximum torque for a given throttle 

15 setting there will be no brake intervention. 

[0021] In step 33 the controller 18 assesses if brake 
intervention would modulate the brakes 15 or 16 to 
achieve N_MOT=MD_MAX. If yes then the signal B 
passes to step 35, if no the signal B" passes to step 34 

20 and then brake intervention would not be permitted and 
the brakes controller does not react to modulate the 
brakes. 

[0022] Hence maximum available engine torque is al- 
ways transferred to the high n wheel. As the high 
25 wheel gains speed the engine output is maintained at 
maximum torque by brake modulation of the low n 
wheel. 

[0023] In step 35 the controller also assesses if there 
is a difference in speed across the axle as detected by 

30 the sensors 1 4. tf so the controller modulates the brakes 
14 and or 16. Hence maximum available engine torque 
is always transferred to the high p. wheel. As the high ^ 
wheel gains speed the engine output is maintained at 
maximum torque by brake modulation of the low n 

35 wheel. As the low \i wheel slows down, the high p. wheel 
speed up with the engine torque output held a maximum 
forgiven driver (throttle) demand. This torque being sup- 
plied to the high p. wheel. 

[0024] In step 36 the wheel speeds are monitored and 
40 when the speed equalize the brake modulation is faded 

out and the brakes are released. Whilst the speeds differ 

significantly the signal is fed back to step 35 and the 

controller 1 8 continues to modulate the brakes. 

[0025] In a variation the controller 1 8 may be connect- 
45 ed directly to sensors 21 22, and the brakes controller 

18 itself programmed with the engine map as described 

fortheEMS19. 

[0026] In a further variation, for diesel engines and 
some petrol engines the torque output curve is flat rather 

50 than peaked. In this situation the maximum torque avail- 
able at a particular throttle opening may not be specific 
but may extend over a range of engine rpm. In such cas- 
es it is preferable if the maximum torque output is related 
to the rate of change of the throttle opening. If the throttle 

55 is applied slowly the system can target maximum torque 
at low rpm. and if applied quickly the system could target 
maximum torque at high rpm. This should provide the 
driver with improved control over the speed of the vehi- 
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cle response to the throttle when the traction control sys- 
tem is operated. 

[0027] In such systems as described above the en- 
gine is less likely to stall than in conventional BTCS and 
in situations where the over-spinning wheel is delivering 
maximum torque forgiven driver demand (throttie open- 
ing) there will be no un-necessary brakes intervention 
making the operation of the vehicle more environmen- 
tally friendly. 



Claims 

1 . A vehicle brakes traction control system for a vehi- 
cle having at least one drive axle (11) with a differ- 
ential (17) operable between wheels (12,13) at 
each end of the axle (11) and brakes (15,16) for 
each respective wheel (12,13) operable by a brake 
controller (18), characterised in that the traction 
control system includes wheel speed sensors (14) 
which sense the rotational speed of said wheels, an 
engine torque demand sensor (21) and an engine 
torque output monitor (22), the brake system con- 
troller (18) receiving signals from said sensors 
(14,21) and monitor (22) and being operable to ap- 
ply the brakes (15,16) to equalise the rotational 
speed of said wheels (12.13) when the engine 
torque output is less than a desired torque output 
for a given torque demand. 

2. A control system as claimed in Claim 1 character- 
ised in that the desired torque output is substan- 
tially the maximum torque output for a given torque 
demand. 

3. A control system as claimed in Claim 2 character- 
ised in that, for a given torque demand, the engine 
speed at which maximum torque output is targeted 
may be altered in relation to the rate of change of 
torque demand. 

4. A control system as claimed in any one of Claims 1 
to 3 for use in a vehicle having an engine manage- 
ment system (EMS) (19) with an engine map stored 
therein which includes information relating to the 
engine speed MD_MAX at which maximum torque 
is available for given throttle openings, character- 
ised in that the brake system controller (18) oper- 
ates the vehicle brakes (15,16) when excess rota- 
tional speed is detected for one of said wheels (12 
or 13) and when in receipt of a signal N_MOT from 
the EMS (19) indicating that the engine speed is 
above that required for maximum torque output. 

5. A control system as claimed in any one of Claims 1 
to 3 in which the brakes controller (18) has an en- 
gine map stored therein which includes information 
relating to the engine speed MD_Max at which max- 
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imum torque is available for given throttle openings, 
characterised in that the brake system controller 
(18) operates the vehicle brakes (15, 16) when ex- 
cess rotational speed is detected for one of said 
5 wheels (12 or 13) and when the engine speed is 
atK>ve that required for maximum torque output. 

6. A control system as claimed in Claim 4 or Claim 5 
characterised in that the system is self tuning, 

10 having an engine map creating CAN signals 
MD_MAX and N_MOT where N_MOT is a CAN 
message for engine speed and MD_MAX is the en- 
gine speed required for maximum torque output for 
a given torque demand, brakes being operational 

15 only when N_MOT>MD_MAX. 

7- A control system as claimed in any one of Claims 1 
to 6 characterised in that the torque demand sen- 
sor (21 ) is a throttle opening sensor. 

20 

8. A method of operation of a vehicle brakes traction 
control system for a vehicle having at least one drive 
axle (11) with a differential (17) operable between 
wheels (12,13) at each end of the axle, brakes 

25 (15,16) and wheel speed sensors (14) for each re- 
spective wheel characterised in that in said meth- 
od the system is operable to apply the vehicle 
brakes (15,16) to equalise the rotational speed of 
said wheels (12,13) only when the engine torque 

30 output is less than a desired torque output for a giv- 
en throttie opening. 

9. A method as claimed in Claim 8 characterised in 
that the desired torque output is substantially the 

35 maximum output. 

10. A method as claimed in Claim 9 characterised in 
that, for a given torque demand, the engine speed 
at which maximum torque output is targeted is to be 

40 altered in relation to the rate of change of torque 
demand. 

11. A method as claimed in any one of Claims 8 to 10 
for use in a vehicle having an engine management 

45 system (EMS) (19) with an engine map stored 
therein which includes information relating to the 
engine speed at which the maximum torque is avail- 
able for given throttle openings, characterised in 
that the brake system controller (18) operates the 

50 vehicle brakes (15 16) when excess rotational 
speed is detected for one of said wheels (12 or 13) 
and when in receipt of a signal from the EMS indi- 
cating that the engine speed is above that required 
for maximum torque output. 

55 

12. A method as claimed in Claim 11 characterised in 
that the system is self tuning, the engine map cre- 
ating CAN signals MD_MAX and N_MOT, where 



EP 1 270 352 A1 



4 



EP 1 270 352 A1 



N_MOT is a CAN message for engine speed and 
MD_MAX is the engine speed required for maxi- 
mum torque output for a given torque demand, the 
brakes being operational only when 
N MOT>MD MAX. 
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